Purpose Childhood cancer survivors are at risk for late effects which may be managed pharmacologically. The purposes of this study were to estimate and compare the prevalence of psychoactive medication use of adult survivors of childhood cancer and sibling controls, identify predictors of medication use in survivors, and investigate associations between psychoactive medications and health-related quality of life (HRQOL). Methods Psychoactive medication use from 1994 to 2010 was evaluated in 10,378 adult survivors from the Childhood Cancer Survivor Study. A randomly selected subset of 3,206 siblings served as a comparison group. Multivariable logistic regression models were used to calculate odds ratios (OR) for baseline and new onset of self-reported psychoactive medication use and HRQOL. Results Survivors were significantly more likely to report baseline (22 vs. 15 %, p<0.001) and new onset (31 vs. 25 %, p<0.001) psychoactive medication use compared to siblings, as well as use of multiple medications (p<0.001). In multivariable models, controlling for pain and psychological distress, female survivors were significantly more likely to report baseline and new onset use of antidepressants (OR0 2.66, 95 % CI02.01-3.52; OR02.02, 95 % CI01.72-2.38, respectively) and multiple medications (OR01.80, 95 % CI0 1.48-2.19; OR01.77, 95 % CI01.48-2.13, respectively). Non-cranial radiation and amputation predicted incident use of analgesics >15 years following diagnosis. Antidepressants Electronic supplementary material The online version of this article
Introduction
Over 80 % of children diagnosed with cancer will become long-term survivors of their disease [1] , and three fourths of survivors will develop a chronic health condition within 30 years of diagnosis [2] . Psychoactive medications are one method by which certain late effects may be managed; however, little is known about the prevalence and predictors of use of these medications in adult survivors of childhood cancer.
The pattern and severity of late effects experienced by survivors may result in different rates of psychoactive medication use, and several classes of medications may have particular import in cancer survivors. Osteosarcoma survivors report persistent pain secondary to amputation [3] , which may explain their increased use of prescription analgesics compared with leukemia survivors [4] . Brain tumor survivors are at risk for neurologic sequelae [5, 6] , which may lead to higher rates of anticonvulsant use. Subgroups of survivors experience psychological distress [7, 8] , which may be associated with increased use of antidepressants or anxiolytics.
Research regarding the impact of psychoactive medications on health-related quality of life (HRQOL) has demonstrated inconsistent effects. Short-term treatment with antidepressant medications may reduce depressive symptoms and improve HRQOL in patients with depression [9] and anxiety disorders [10] , although these drugs have side effects such as decreased libido and weight gain. In addition, anticonvulsants are used for mood stabilization but can be associated with diminished cognition [11] [12] [13] and reduced quality of life [12] . Such risks may be exacerbated in survivors of childhood cancer who may have changes in metabolism, cardiopulmonary and renal function, and central nervous system integrity following cancer-directed therapies [5, 6, [14] [15] [16] .
The purposes of this study were to: (1) estimate and compare the prevalence of psychoactive medication use in a large and geographically diverse cohort of adult survivors of childhood cancer and a sibling control group, (2) identify predictors of psychoactive medication use in these survivors, and (3) investigate the impact of psychoactive medications on HRQOL in adult survivors of childhood cancer.
Methods

Childhood Cancer Survivor Study
The Childhood Cancer Survivor Study (CCSS) cohort consists of survivors of one of eight childhood cancers diagnosed ≤21 years of age and treated at 1 of 26 institutions between 1970 and 1986. All survivors were ≥5 years from their original diagnosis upon study enrollment. Sibling controls were recruited from a randomly selected subset of survivors. The study was approved by the institutional review board at each collaborating institution, and informed consent was obtained from each participant. Study participants completed a baseline questionnaire beginning in 1994 and subsequent follow-up questionnaires initiated in 2000, 2003, and 2007 . Additional descriptions of the CCSS methodology and participants have been published elsewhere [17, 18] .
The current study population is shown in Fig. 1 and included (1) all cancer survivors and siblings ≥18 years of age who completed the baseline survey and (2) 
Primary outcomes
Baseline and new onset psychoactive medication use were the primary study outcomes. Each survey instructed participants to report prescription drugs taken consistently for more than 1 month or ≥30 days in 1 year during the previous 2-year period. Participants were instructed to report medications prescribed by a physician and dispensed by a pharmacist and not report over-the-counter medications. Medications were classified using the American Hospital Formulary Service Drug Information database (AHFS) [19] . Eight therapeutic drug categories believed to include psychoactive properties were identified: (1) antidepressants, (2) anxiolytics/sedatives/ hypnotics, (3) anticonvulsants, (4) non-opioid analgesics, (5) opioids, (6) muscle relaxants, (7) neuroleptics, and (8) stimulants. A list of the AHFS drug classes and codes comprising each medication category is provided in Online resource 1.
New onset medication use was defined as reported use at the time of any of the three follow-up questionnaires (i.e., 2000, 2003, or 2007) without reported use at the baseline survey. This definition was specific to each medication class (i.e., survivors reporting baseline use in one class could be included in new onset use for any of the remaining medication classes). The use of multiple medications was defined as reported use of two or more medications at the time of any one survey.
Health-related quality of life was measured using the Medical Outcomes Survey 36-Item Short Form Health Survey (SF-36) [20] . This is a widely used generic health profile that provides subscale scores for eight domains: general health, role physical, physical function, bodily pain, vitality, mental health, social function, and role emotional. The SF-36 provides age and sex-specific norms to generate T scores (M050, SD010).
Health care utilization was categorized into one of four mutually exclusive groups: (1) no health care, (2) general health care (visits unrelated to previous cancer), (3) general survivor care (visit related to previous cancer, but no information on risk reduction or screening tests), and (4) risk-based survivor care (visit included information about risk reduction or screening test for cancer-specific late effects) (see Krull et al. [21] for additional details regarding health care classification).
Predictor variables and covariates
All predictor variables and covariates were measured beginning at baseline. Demographic and socioeconomic variables considered in the analyses included sex, age at the time of survey completion, race/ethnicity, health insurance, and household income (categorized as <$20,000 or ≥$20,000). Cancer-related variables included age at diagnosis and recurrence or subsequent neoplasm prior to baseline. Treatment variables included radiation therapy, chemotherapy, and amputation. Radiation was categorized as none, cranial radiation, and body radiation, while chemotherapy was categorized into four groups: (1) anthracyclines, (2) vinca alkaloids and/or heavy metals, (3) corticosteroids and/or antimetabolites, and (4) alkylating agents, topisomerase inhibitors, and/or epipodophyllotoxins.
Psychological distress was measured by the Brief Symptom Inventory-18 [22] , and subscales for anxiety, depression, and somatization were used as covariates. Sex-specific scores were calculated based on standardized normative values, and scores falling ≥90th percentile were classified as representing a clinical level of acute emotional distress. Neurologic variables included headache, bodily pain, and history of stroke or seizure.
Statistical analysis
Descriptive statistics were calculated for all outcomes, predictors, and covariates used in the analyses. Survivor and sibling medication use was examined through logistic regression modeling with robust variance estimates to account for within-family correlation using SAS version 9.2 PROC Genmod with binomial distribution and logit link (SAS Institute, Cary, NC). Multivariable models for each medication category were adjusted for age, sex, race/ethnicity, health insurance, household income, seizure or stroke history, pain, and psychological distress. Given the small number of survivors and siblings reporting use of neuroleptics or stimulants, these medications were not included in multivariable analyses.
To investigate predictors of baseline and new onset psychoactive medication use in survivors, univariate models were constructed to identify variables contributing to each medication category at p<0.10. All variables meeting this significance threshold were included in multivariable logistic regression models. As treatment variables were of primary interest, radiation therapy and chemotherapy were forced into the multivariable models regardless of their statistical Fig. 1 Flow diagram of study participation of survivors from the Childhood Cancer Survivor Study significance. Backward selection was performed for each of the medication models using SAS PROC Logistic. The least significant variables (largest p value) were excluded one at a time until all variables remaining in the model were significant (p<0.05). Odds ratios (OR) and 95 % confidence intervals (CI) were calculated for predictors and covariates retained in the final model. To correct for multiple comparisons, a stepdown Bonferroni method controlling for familywise error was used to adjust the raw p values in the final models [23] . A parallel statistical approach was employed for each HRQOL outcome. Scores on the SF-36 were classified as impaired based on age-adjusted T scores falling ≤40. Each medication category, as measured at the 2003 follow-up survey, was forced into multivariable regression models regardless of statistical associations with HRQOL outcomes. Similarly, using data only from follow-up 2003, multivariable logistic regression was used to examine associations between health care utilization and psychoactive medication use. For all models, we examined potential collinearity among predictor variables (e.g., antidepressants and depression; analgesics and pain symptoms). Although the predictors were related, the associations were not sufficient to warrant exclusion of any covariates from the models.
Results
At baseline, survivors were statistically significantly (all p values <0.001) younger and more likely to be male, though less likely to be white/non-Hispanic or to have health insurance or a household income above $20,000 compared with siblings (Table 1) . Survivors were also significantly more likely to report acute psychological distress and pain, and to have a history of a stroke or seizure relative to siblings.
Baseline medication use
Twenty-two percent of survivors reported using at least one psychoactive medication compared to 15 % of siblings (p<0.001). As shown in Table 2 , after adjusting for covariates, survivors were more likely to report use of nonopioid analgesics (OR01.52; 95 % CI01.28-1.81), opioids (OR01.36; 95 % CI01.15-1.62), and anxiolytics/sedatives/ hypnotics (OR01.64; 95 % CI01.17-2.28) compared to siblings. Nine percent of survivors reported using multiple medications compared with 4.9 % of siblings (OR01.49; 95 % CI01.21-1.83). Among survivors who reported using two medications (n0509), 19 % reported the use of two anticonvulsants, while 16 % reported using one opioid and one non-opioid analgesic. Similarly, among survivors who reported three medications (n0221), 12 % reported taking three different anticonvulsants while 22 % reported varying combinations of three different analgesics.
In multivariable models ( 
New onset medication use
Sixty-seven percent of survivors using medication at baseline also reported psychoactive medication use at a subsequent follow-up compared to 59 % of siblings (p00.001). Thirtyone percent of survivors reported new onset psychoactive medication use compared to 25 % of siblings (p<0.001). As shown in Table 2 Table 4 ).
History of amputation was associated with increased likelihood of new onset use of analgesics (opioids OR0 3.56, 95 % CI02.31-5.47; non-opioids OR03.84, 95 % CI02.68-5.49). Radiation therapy to non-cranial sites was associated with increased likelihood of new onset medication use across all classes with the exception of anticonvulsants, while cranial radiation was only associated with increased likelihood of new onset use of anticonvulsants (OR01.63, 95 % CI01.21-2.21).
Health-related quality of life Multivariable logistic regression models adjusting for covariates revealed associations between psychoactive medication use and impaired HRQOL (Table 5) . Antidepressant use was associated with impairment across all domains, with the exception of physical function (e.g., vitality OR02.13, 95 % CI01.75-2.60; social functioning OR01.98, 95 % CI0 1.58-2.48). Anticonvulsant use was associated with impaired social function (OR 01.84, 95 % CI01.30-2.60) and physical function (OR02.27, 95 % CI01.66-3.11). Use of pain medications was associated with reduced 
Discussion
To our knowledge, this is the first study to examine psychoactive medication use in a large cohort of adult survivors of childhood cancer. Overall, 42 % of survivors reported using at least one psychoactive medication between 1994 and 2010 compared with 33 % of siblings. The prevalence of psychoactive medication use was higher among survivors compared to siblings for most medication classes, as was the practice of using multiple medications. After controlling for symptoms of pain and psychological distress, medication use was predicted by demographic factors, although several disease and treatment-specific factors also emerged as important predictors. Antidepressants evidenced the highest rate of incident use, representing a fourfold increase among survivors from 1994 to 2010 (4.1 to 17.4 %). Importantly, a parallel pattern of increased antidepressant use emerged for siblings. Data from Medical Expenditure Panel Surveys reflect a similar trend for antidepressant medication use in the general population with a reported increase from 5.8 % in 1996 to 10.1 % in 2005 [24] . Although methodological differences limit our ability to make direct comparisons across studies, our findings are consistent with reports of increasing antidepressant use over time and that antidepressants are among the most commonly used prescription drugs in adults [25] . Moreover, after adjusting for the presence of pain and psychological distress, we found that females were more likely to report use of antidepressant medications. Similar trends for female sex have been observed in the general population [24] .
A substantial proportion of survivors reported new onset use of multiple medications, significantly more so than siblings. History of a neurologic event was the strongest predictor of using multiple medications while female sex was associated with an over 1.8-fold increased likelihood of baseline and new onset use of multiple medications. It is important to consider that use of psychoactive medications may increase sensitivity to other medications, potentially leading to adverse side effects in addition to drug-drug interactions. For example, in clinical practice, anticonvulsants are increasingly used in combination with antidepressants or mood-stabilizing Alkylating agents, TOP, EP medications, and some combinations therein have been reported to lead to increased neurotoxicity [26] . Our data show 15 % of survivors reported new onset use of multiple medications. There is a need to better understand the concomitant use of psychoactive agents in cancer survivors, as this practice may heighten the risk for adverse drug events in a medically vulnerable population. Specifically, potential underlying cardiac and/or neurological toxicity following cancer therapies may increase vulnerability to adverse effects from psychoactive medications [5, 6, [27] [28] [29] .
Cancer treatment variables maintained significant associations with reported medication use, even after controlling for the observed effects of demographic factors and symptoms of pain and distress. Cranial radiation therapy was significantly associated with anticonvulsant use, while radiation to other areas of the body was associated with increased likelihood of new onset use for all other medication classes, including antidepressants, analgesics, and muscle relaxants. These findings suggest, at least in part, that post-radiation-related pain may develop or persist decades after treatment completion [30] . Amputation also was associated with a greater than threefold increased likelihood of new onset analgesic use, in sharp contrast to the nonsignificant association between amputation and baseline analgesic use, which suggests the emergence or worsening of pain for these patients over time. The majority of amputations occur in patients diagnosed with osteosarcoma, and our findings are consistent with reports that long-term osteosarcoma survivors are more likely to report pain compared to survivors of other childhood malignancies [4, 31] .
Survivors reported significantly higher rates of baseline and new onset analgesic use compared to siblings. Psychological distress was strongly associated with increased use of pain medications, and pain symptoms were associated with use of medications for psychiatric conditions (e.g., depression, anxiety). These findings likely reflect high levels of comorbidity between pain and emotional distress, consistent with reports that individuals with depression are four times more likely to have a chronic painful physical condition than nondepressed patients [32] . Furthermore, patients with pain symptoms are more likely to experience depression than those without pain [33] . We found rates of psychoactive medication use to be higher in survivors with comorbid pain and psychological distress (55 %) compared to survivors reporting either pain (31 %) or psychological distress (33 %) alone. These data suggest that general practitioners need to be aware of potential comorbidities between pain and psychological distress when prescribing psychoactive medications to cancer survivors, and may necessitate screening for psychological comorbidities, such as depression, in patients presenting with pain symptoms. It is important to note that antidepressants may be used for direct management of pain. Specifically, tricyclic antidepressants are commonly used for treatment of neuropathic pain as well as headache prophylaxis.
Health-related quality of life may provide an important index of functional outcomes in response to medication treatment. Our findings revealed significant associations between several medication classes and reduced physical and mental HRQOL, independent of established predictors of impaired functional outcomes, including pain and psychological distress. Previous studies have reported improved quality of life in patients following short-term treatment with antidepressants [9, 10] , yet these improvements are often directly associated with symptom reduction and reflect initial response to treatment. Quality of life can be negatively impacted by drug-induced side effects and subjective tolerability. For example, weight gain [34] , sexual dysfunction [35] , and cognitive impairment [12, 36] are welldocumented side effects of psychopharmacologic treatment and have the potential to negatively impact quality of life. It is important to note that survivors may be at risk for poor quality of life due to underlying mental health and/or medical conditions, including depression, chronic pain, and epilepsy, and that survivors may use psychoactive medications to treat such conditions [37, 38] .
Despite the many strengths of our study, including an extensive follow-up period and use of sibling controls, these findings should be considered in the context of several limitations. Our study relied exclusively on self-reported medication use. As such, we cannot verify use of reported medications nor do we have information regarding indication for medication prescription. It is important to consider that medications may have multiple indications. For example, antidepressants may be prescribed for the management of mood symptoms, neuropathic pain, migraine prophylaxis, and smoking cessation among other conditions. Although survivors reported all medications taken over a specified time period, we cannot verify that multiple medications were taken concurrently. Given the retrospective nature of the study, we are also unable to establish temporal relationships between reported medication use and functional outcomes. This limits our ability to discuss potential changes in HRQOL as a direct result of psychoactive medication treatment.
These findings, however, underscore the need for future research on the psychopharmacologic treatment of survivors of childhood cancer. Enhanced characterization of medication utilization, including indication for use, dose, and polypharmacy, will be important for future studies to consider. Additionally, randomized placebo-controlled trials are necessary to evaluate both the short-and long-term safety and efficacy of psychoactive medications in this at-risk population. As a part of these clinical trials, patient-reported functional outcomes, including HRQOL, will be important to assess and monitor in direct response to treatment. Understanding predictors of psychoactive medication use among adult survivors of pediatric cancer has the potential to inform screening and intervention practices affecting many childhood cancer survivors.
